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ABSTRACT
The distribution of four thiophenes,a-terthiophene (a-T), 5-(but-3-en-1-ynyl)-2,2'-
bithiophene (BBT), 5-(4-hidroxy-l-butynyl)-2,2'-bithiophene (BBTOH) and 5-(4-
acetoxy-1-butynyl)-2,2'-bithiophene (BBTOAc) was studied during the first 15th
weeks of the ontogenetic cycle in two wild species of Tagetes. The four mentio-
ned thiophenes were detected in roots and shoots of T. mendocina and T argen-
tina in variable concentrations along the experimental period The roots of both
species were the site of the major accumulation BBT showed the highest con-
centration in the whole plant In T argentina the high content was found just be-
fore flowering while in T. mendocina, the total thiophene concentration reached
the maximum value in the 8th week, seven weeks before flowering
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RESUMEN
Se estudió la distribución de 4 tiofenos, a-tertiofeno (a-T), 5-(but-3-en-1-inil)-2,2-
bitiofeno (BBT), 5-(4-hidroxi-l-butinil)-2,2'-bitiofeno(BBTOH) y 5-(4-acetoxi-1-bu-
tinil)-2,2'-bitiofeno (BBTOAc) durante 15 semanas del ciclo ontogánico de 2 es-
pecies nativas de Tagetes. Los 4 tiofenos mencionados se detectaron en raíces
y tallos de Tagetes mendocrna y Tagetes argentina en concentraciones variables
a lo largo del período experimental. Las raíces de ambas especies fueron el sitio
de mayor acumulación. En la planta entera, BBT fue el compuesto que alcanzó
mayor concentración . En T. argentina el contenido más elevado fue detectado
justo en el momento previo a la floración, mientras que en T. mendocina, la con-
centración total alcanzó su máximo valor en la octava semana, siete semanas an-
tes de la floración
Palabras clave : tiofenos, Tagetes, metabolitos secundarios, BBT, BBTOAc, BB-
TOH, a-T
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INTRODUCTION
The occurrence of thiophenes in many tribes of
the Asteraceae is well known. They represent a
group of natural products with a wide distribution. To
date, they have been found in several species of
Tagetes, Dyssodia and Bidens. The knowledge
about these phototoxic compounds has grown con-
siderably (Bohlmann et al., 1973; Bohlmann and
Zdero, 1985). T. patula is the most studied plant of
the genus (Norton at al., 1985; Tosi at al., 1988;
Downum and Towers, 1983; Ketel, D., 1987). It was
reported that both BBT and a-T were phototoxic to
bacteria and yeast in UV-A, but they were not lethal
in the dark (Chan et al., 1975). The potent nemato-
cidal properties of a-T has been demonstrated to be
enhanced by near UV light (Bakker at al., 1979;
Gommers, F., 1972; Arnason et al., 1981 a). The
effects of these compounds have been demon-
strated with algae and insects (Amason et al., 1981 b;
Hudson et al., 1986a).
8000
il
^) 5000
r^
4000ÑQ)
C
a^
CL 3000
o
1000
0
AGRISCIENTIA
It was found that these secondary metabolites
ocurred in different concentration in all plant tissues
(Ketel and Breteler, 1988) The distribution of thio-
phenes within the plant during the growth cycle has
been studied in seedlings and hydroponically grown
plants (Tosi et al., 1988, Downum and Towers, 1983;
Sutfeld, R., 1982). Up to now, the distribution of thio-
phenes along the ontogenetic cycle has been
studied only in T patula (Toss et al, 1988). The accu-
mulation in different organs of T. patula seedlings
grown under varios conditions has been studied
(Sutfeld, R., 1982)
Our study was focused in two native species, T.
mendocina and T. argentina. We analyzed the dis-
tribution and accumulation of the main four thio-
phenes in roots and shoots of T. mendocina and T.
argentina during 15 weeks of culture of glasshouse
grown plants in order to establish the posible rela-
tionship between the developmental state and the
variation of the metabolites in the whole plants
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Fig. 1. Thiophene content in shoots of T. mendocina along 1511 weeks of culture (µg/g FW)
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Fig. 2. Thiophene content in roots of T. mendocina along 151h weeks of culture (µg/g Fw).
MATERIALS AND METHODS
Plant material
Seeds of T. mendocina and T. argentina were col-
lected in San Rafael (Mendoza) in autumm, 1991.The
glasshouse plants were grown under natural light
conditions in 1 L pots, filled with perlite and watered
with Hoagland (Hoagland and Arnon, 1938) solution
every second day. Plants were harvested each
week, roots and shoots were weighed separately,
extracted and kept at-20°C until analysis.
Extraction and determination of thiophenes
The distribution of thiophenes was checked qual-
itatively and quantitatively along fifteen weeks.
During this experimental period, T. mendocina main-
tained the vegetative state until the end of the exper-
iment, flowering in the 15th week. T. argentina flow-
ered in the 12th week, beggining with the stage of
fruiting towards the 14th week.
Thiophene extraction was carried out under dim
room light, according to Norton et at. (1985). Roots
and shoots were separated, cut in pieces and a rep-
resentative sample of 500-1000 mg was separated
and extracted using methanol at room temperature,
following the procedure of Norton (1985). The
residue was resuspended in HPLC grade methanol
and stored at -20°C for TLC and HPLC analysis. For
TLC, samples were spotted on silica gel plates (GF
254) with a fluorescent indicator and developed in
methanol. Thiophene bands were observed under
UV light (254 nm). Standards of BBT, a-T, BBTOH
and BBTOAc were used for comparison. Only qual-
itative analysis was made on TLC.
For HPLC, qualitative and quantitative analysis
were made. Isocratic separations were performed
on a Spherisorb SS ODS-2 column (125 x 4mm),
using methanol:water (85:15) (Merck) as eluent at a
flow rate of 1 ml.min-1. The eluant was monitored at
333 nm with a Hewlett Packard 1050 variable wave-
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Fig. 3. Thiophene content in shoots of T. argentina along 15v' weeks of culture (µg/g Fw).
length detector connected to a Hewlett Packard
3396 integrator.
Both TLC and HPLC determinations were made
at room temperature. All chemicals were of HPLC
grade.
For thiophenes derivatives quantitation, stock
solutions of each standard were prepared and cali-
bration curves were made. The amounts of thio-
phenes compounds were measured by comparing
their areas from the chromatograms with those of the
standards. Volume injection was of 20 µl and each
injection was repeated 3 times. BBTOAc and BBTOH
standards were kindly supplied by Dr. J Lam (Uni-
versity of Aarhus, Denmark) BBT and a-T were pur-
chased by Aldrich.
RESULTS AND DISCUSSION
The distribution of thiophenes was studied for 15
weeks along the ontogenetic cycle of T. mendocina
and T. argentina. T. mendocina remained in the veg-
etative stage during the studied period but flowered
in the 151h week. T. argentina reached the flowering
stage in the 12'h week.
The four studied metabolites are the main thio-
phenes present in Tagetes species. HPLC patterns
revealed quantitative differences between roots and
the vegetative shoots in glasshouse plants of both
species in dependence of the developmental stage.
Considering the total thiophene concentration,
the highest amount in the whole plants of T. men-
docina was found during the 8th week and in T.
argentina in the 11'h one (Fig. 1 to 4). The total thio-
phene content in whole plants range from 0.5 mg-'g
FW to 4 mg.g-' FW. Tosi et al. (1988) reported that
T. •patula reached the highest amount of thiophenes
in whole plants during flowering and the yields range
from 4 to 6 mg.g-' FW. It was found that the total
thiophene content in T. patula reached the highest
value about 80 days after germination while flow-
ering occurred approximately at 60 days in hydro-
ponically grown plants. (Downum and Towers,1983).
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Roots are the main site of thiophene accumula-
tion in both species. They showed the highest total
thiophene concentration at any stage of develop-
ment in T. mendocina and T. argentina (Fig. 2 and
4). In both species, the total amount of the metabo-
lites decrease towards the end of the studied cycle,
mainly because of the decrease in the BBT level. The
concentration of the other three thiophenes remain
nearly constant in time. The decrease in the total con-
centration could be a consequence to the trasloca-
tion of the metabolites from the shoots and roots to
the achenes.
BBT was the predominant thiophene either in
shoots and roots of both species along the ontoge-
netic studied cycle (Fig. 1 to 4). Its level increases
constantly and reach a peak content in the 1111 week
in T. argentina. Since that moment it decreases in
concentration. The same is observed in T men-
docina, where the maximum value is found in the 8th
week. Also BBT is the main thiophene in roots and
shoots of T. patula during the ontogenetic cycle.
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In T. argentina the highest thiophene formation
occurred in the week previous to flowering. In T.
patula the the highest value was found in roots (10-
13 mg.g-1 FW) in the full flowering plants, 50 days
after germination (Tosi et al., 1988). In T. argentina,
BBTOAc is synthetized in roots in higher amounts
until the 8th week, and a-T is prevalent from this week
until the end of the cycle (Fig.4). In shoots, a-T is pre-
dominant up to the 3'd week , then its level is lower
than BBTOAc until the 12th week and then increases
again over BBTOAc until the 15th week (Fig 3).
Except for the first 2 weeks, in T. mendocina, a-T is
present in higher amounts than BBTOAc in roots and
shoots over all the experimental period (Fig. 1 and
3). The concentration of BBTOAc, BBTOH and a-T
remained nearly constant along the 15 weeks.
Downum and Towers (1983) pointed out that the
content of a-T changed very little over the experi-
mental period, while BBT and BBTOAc are the main
thiophenes in T. patula, increasing their concentra-
tion the first 80 days after germination.
^.....
.
^ ....
...
^....^
.
...,_.... .. _,.......... '.
.-+--
+
-^^....... ....:
..
... ^.
-+^•... ^.
^
^......-. ^...
........^-...
* ......... )K .._...... ^K ........ giK
.. ...W . ...-•-•. ^K - -------31E.. _.....^........,* -.._._...- w._....- 9^Kz -
--------- IE........ ^IK .......-. 50K
2 3 4 5 6 7 8 9 10 11 12 13 14 15
Weeks
-f-oC-T + BBT ---- BBTOH
BBTOAc -- Total
Fig. 4. Thiophene content in roots of T. argentina along 1511 weeks of culture (µg/g FW)
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BBTOH is produced in low quantities either in
shoots or roots of T. argentina and T. mendocina but
in higher amounts in the first one. BBTOH is also
found as a minor component thoroughout the plant
in T. patula (Downum and Towers,1983). In all plant
organs, a-T and BBTOH do not increase appre-
ciably in time in T. patula (Toni et al., 1988 ). The four
individual thiophenes behave quite differently
towards the end of the experiment. While BBT
decrease in the whole plant in both species, the
other three metabolites showed a little variation
during all the studied cycle. Apparently, during onto-
genesis there is a fluctuation in thiophene accumu-
lation in different organs. In roots and shoots of T.
argentina seems to be a stage dependent accu-
mulation specially for BBT. In roots of T. patula,
BBTOAc and BBT showed this stage dependent
accumulation (Tosi et al., 1988), the same phe-
nomenon occurred with some alkaloids and other
biologically active compounds (Kery, A.,1975;
Johnson, A. et al., 1985). The variation of the other
studied thiophenes seems not to be related with the
ontogenetic stage for both species. The total thio-
phene amounts found in these species are similar
than those found in T. patula (Tosi et al., 1988).
The significance of the distribution and accumu-
lation of these compounds thorough the plant is not
yet clear. Considering their defensive role in the
plant, their accumulation may suggest a protection
against hervibore attacks. Considering the light-
induced nematicidal (Gommers, F., 1972; Arnason
et al., 1981 a), insecticidal (Arnason et a/., 1981 b) and
antiviral (Hudson et al.,1986b) activities demon-
strated for a-T, their variation during the ontogenetic
cycle may be related with a defensive role. However,
their significance and fluctuátion within different plant
organs are far from being understood yet.
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